Introduction
Abdominal wall dehiscence and incisional hernia are the most common complications of surgical procedures that require laparotomy for access to the peritoneal cavity 1, 2 . The 10-year prevalence of incisional hernia may be as high as 20%, and that of wound dehiscence, 0.2-11%; both complications are associated with adverse economic impact and worse patient quality of life 3, 4 .
The predominant cause of these complications is acute failure of the sequential, multifactorial process that leads to adequate wound healing 1, 5 . In the United States alone, approximately 6 million people are affected by nonhealing wounds, which lead to an annual health expenditure of US$ 3 billion 6 .
The healing process begins with hemostasis 5, 7 . This is followed by the inflammatory response, during which macrophages and polymorphonuclear neutrophils migrate from the circulation to the wound site in response to increasing cytokine levels 5, 8 . Later stages include proliferation of blood vessels and fibroblasts with formation of granulation tissue, collagen synthesis, connective tissue remodeling, and acquisition of tensile strength 5, 9 .
A variety of factors that affect this sequence of biological processes, which normally culminates with the restoration of tissue integrity, may lead to poor healing. These risk factors include ischemia, infection, stress, diabetes, obesity, alcoholism, smoking, poor nutrition, and medication use 2, 5, 10 .
Prokinetic agents are often used in the early postoperative period to aid gastric emptying and speed resolution of paralytic ileus, particularly after intestinal surgery 11, 12 . The prokinetic class includes the substituted benzamides, such as metoclopramide and bromopride, which act as dopamine antagonists. These drugs have antiemetic and motility-stimulating effects 13 .
It is reasonable to assume that prokinetic agents may exert a systemic effect on the healing process due to their antagonist effect at dopamine receptors. Dopamine (and its receptors) plays a crucial role in healing, as it inhibits production of VEGF, the growth factor responsible for angiogenesis and cell proliferation 9, 14 .
Likewise, cathepsin D-cleaved prolactin fragments have an antiangiogenic effect 15, 16 . It is known that use of prokinetic agents increases serum prolactin levels, and that angiogenesis plays a crucial role in the neovascularization of granulation tissue during the healing process.
In a rat model study of abdominal wall healing in septic conditions, Silva et al. 17 found that metoclopramide increases the tensile strength of the wound scar three days after surgery and decreases surgical site inflammation maybe due to increased levels of prolactin, which acts as an analgesic and immunomodulator. A similar study, also under septic conditions, found that bromopride had no effect on abdominal wall healing 18 . The effects of prokinetic agents on wound healing of the abdominal wall under non-pathological conditions is not clear.
The aim of this study was to assess the effect of two prokinetic agents-metoclopramide and bromopride-on abdominal wall healing in rats after colectomy and colonic anastomosis.
Methods
This randomized, single-blind, placebo-controlled experimental study was carried out at the Experimental Surgery 
Results
There was one premature death in the postoperative period: an animal in group M with euthanasia scheduled for the 7th postoperative day. This death could not be attributed to complications associated with the surgical wound or abdominal cavity.
There were no statistically significant differences in tensile strength of the abdominal wall scar between groups M, B, and C, nor between the three and seven DAS subgroups (Figures 1 and 2) . On histopathological assessment, there were no statistically significant between-group differences in collagen deposition or number of fibroblasts at the wound site (Tables 1   and 2 ). The only statistically significant differences between the three DAS subgroups were in presence of foreign body (p=0.001) and fibrin (p=0.019). As shown in Tables 2 and 4 , there were fewer rats with foreign body reaction in animals given metoclopramide and less fibrin in those given bromopride.
Among animals killed seven DAS, there was increased mononuclear infiltration (p=0.002) in the bromopride group.
Edema (p=0.014) and foreign body reaction (p=0.027) were less common in the M and B groups than in the control group (Tables   3 and 4) . This study assessed abdominal wall healing, but the underlying experimental surgery model consisted of a segmental colectomy followed by end-to-end colonic anastomosis. This procedure was based on the principle that experimentation should simulate a real-world human clinical practice scenario.
Laparotomy is predominantly a means of gaining access to the abdominal cavity so as to permit surgical intervention on intraabdominal organs; it is very rarely the primary surgical procedure.
By adding colectomy and anastomosis and thus increasing the complexity of surgery, this model induces a metabolic response to surgical trauma that more closely mimics that of a true surgical procedure.
There were no statistically significant between-group differences in abdominal wall tensile strength. The scar tissue formed three and seven days after surgery was mature enough to withstand the physical stress that would have arisen in a real-world situation upon contraction of the abdominal muscles.
As collagen is deposited, resorbed, and remodeled in an organized fashion, the abdominal wall scar acquires tensile strength so it will be able to withstand the strain of abdominal muscle contraction 4,5 . Hence, study of tensile strength is highly relevant to assessment of healing, as it simulates the strains to which scar tissue will be subjected whenever the patient contracts his or her abdomen
4,10
.
In agreement with the results of tensile strength assessment, histopathological examination also failed to find any between-group differences in collagen deposition and number of fibroblasts at the wound site, whether three or seven days after surgery. The minor between-group differences in foreign body and presence of fibrin were not considered relevant, as they did not affect tensile strength or collagen or fibroblast deposition.
In . Therefore, edema may have been more marked in group C due to the presence of more animals with foreign bodies.
Bromopride and metoclopramide are antidopaminergic prokinetic agents used in conditions of abnormal gastrointestinal motility, such as functional dyspepsia, vomiting, and gastrointestinal stasis due to a variety of causes, including diabetic gastroparesis and postsurgical ileus 11, 19 . The pharmacologic action of these drugs is mediated by enteric, neuronal, and muscular D2 receptor blockade 11, 19 .
Antagonism of central D2 receptors produces both therapeutic and adverse effects, with the latter including dystonic extrapyramidal reactions and galactorrhea secondary to hyperprolactinemia 19 . The dose of prokinetic agents administered in this study was not high enough to induce any of these adverse effects. Therefore, it would be interesting for this study to be replicated in future, but with higher doses of bromopride and metoclopramide.
Dopamine acts as a potent suppressor of the expression of growth factors, which play a crucial role in the healing process 10, 18, 19 . Therefore, it would be reasonable to expect that dopamine would exert a negative impact on healing, and that blockade of dopamine action, as effected by bromopride and metoclopramide, would be beneficial.
However, Nishikawa et al. 14 reported that exogenous administration of dopamine failed to affect gastric ulcer healing or VEGF and Flk-1 expression in rats; levels of both growth factors remained elevated at the wound site. Therefore, it is also reasonable to presume that administration of dopamine antagonists, such as bromopride and metoclopramide, would not alter the levels or effects of growth factors at the wound site and would thus have no influence on abdominal wall healing, as found in the present study.
Conclusion
Administration of metoclopramide or bromopride did not interfere with abdominal wall healing in rats.
